In the integration of the equations of motion of a system of particles, conventional numerical methods generate an error in the total energy of the same order as the truncation error. A simple modification of these methods is described, which results in exact conservation of the energy.
INTRODUCTION.
When applied to the motion of a system of particles, conventional numerical methods for the integration of ordinary differential equations only approximately conserve the total energy of the system. The error in the calculated value of the energy is of the same order as the truncation error in the velocities. In previous work [1]- [5] , a new class of methods was described, which maximally conserve the constants of motion.
These methods exactly conserve the total energy and linear momentum, and conserve the total angular momentum to at least one higher order than the corresponding conventional methods.
In what follows, our purpose is to show how conventional numerical methods--exemplified by the third-order Taylor series and Adams' formulae--can be modified so that exact conservation of energy occurs. This modification simply involves the introduction of adjustable, multiplicative parameters, whose values are unity for the conventional case.
EQUATIONS OF MOTION.
The following is a brief description of the equations of motion of a system of n particles, interacting according to a pairwise-additive potential. For more details, see [i] or [5] . 
where a-b denotes the scalar product of two vectors a and b. Conservation of energy is expressed by the equation
for any two times t and t', with E evaluated along the trajectory.
CONVENTIONAL NUMERICAL METHODS
A simple example of a conventional approximation method for the numerical solution of equations (2.10) is provided by the truncated Taylor-series formulae Higher-order formulae may be obtained directly in the same way as equation (4.7) . (4.3), the sum transformed to i <j, and the ij terms set individually to zero. These resulting implicit equations in the e.. are then solved by standard methods, with the first approximations given by equations (4.9). For very high order methods, the extra algebra needed to obtain the e.. is considerable, and substantially reduces the relative efficiency of the method. However, it should be noted that conservation of energy guarantees stability in the usual sense (bounded motion), which is always a desirable computational property.
NUMERICAL EXAMPLE.
As an illustration of the affect of the modification described in Section 4, the modified and unmodified forms of the third-order Adams' method are compared numerically on a sample two-dimensional problem involving two particles. It can be seen that the unmodified Adams' method makes an error in E as well as larger errors in dX/dt and Y, and compares unfavorably with the modified method. Another simple measure of the error for this problem is the number of steps over which a phase error of 180 is made:
i.e., the time at which r12 0.985 instead of 0.5. For the unmodified methods, this was about 2800 steps (35T). For the modified methods, at 20000 steps (250T), a phase error of less than 180 had been made.
Programs for the methods are given in the Appendix of [6] . 
